Objectives: We studied survival and associated risk factors in an Italian nationwide cohort of HIV-infected individuals after an AIDS-defining cancer (ADC) or non-AIDS-defining cancer (NADC) diagnosis in the modern cART era.
Introduction
Several studies have shown that cancers are an increasingly important cause of illness and death in people with HIV [1] [2] [3] . Despite the link between HIV infection and cancer incidence, the question of whether HIV affects cancer prognosis in infected individuals has not been adequately addressed to date. Cancer prognosis in HIV is of interest for physicians because it can support decision-making and communication on therapeutic and palliative treatment decisions, management of co-morbid conditions, palliative care, and decisions regarding prioritization of management of other chronic conditions and/or HIV. Trends in relative incidence rates of AIDS-defining cancers (ADCs) and non-AIDS-defining cancers (NADCs) have been well characterized [4] [5] [6] [7] [8] [9] , but little is known about survival after a diagnosis of cancer in the setting of HIV infection-with the exception of non Hodgkin lymphoma (NHL), Kaposi sarcoma (KS), and anal cancer [10] [11] [12] [13] . Since the introduction of combination antiretroviral therapy (cART), there has been a dramatic decrease in the incidence of AIDS-related morbidity and mortality in HIV-positive patients [14] . The cART has also improved the short-and medium-term survival in HIV-infected patients with ADCs [15] [16] and some types of NADCs [17] . A recent Italian study has analyzed the long term survival in HIV-infected patients after malignancies [18] but few studies have investigated possible factors associated with survival in the era of cART and data in the literature are often limited to specific cancers [10] [11] [12] [13] . The aim of the present work is to investigate survival after diagnosis with either ADCs or NADCs in HIV-infected patients engaged in routine care at five sites across Italy from 1998 by September 2012 and to explore possible predictors of mortality after a diagnosis of cancer in this population. The proposed study will add further information in estimates of cancers (ADCs and NADCs), their characteristics, and prognosis in the setting of HIV and cART, to better understand the challenges that this booming population poses to oncologic and infectious health services in the near future.
Materials and Methods

MASTER cohort and study population
The MASTER (MAnagement Standardizzato di TERapia antiretrovirale) cohort started in 1997 in several HIV outpatient clinics across Italy (Brescia, Bergamo, Monza, Cremona, Ferrara, Firenze, Roma, Bari), with the following aims (i) to create a population-based nationwide database of HIV patients for scientific projects, (ii) to monitor the spread and demographic characteristics of the HIV epidemic in Italy, (iii) to monitor and compare the effects of antiretroviral strategies at a national level. Patients medical records were retrospectively traced back to 1986 and prospectively followed up until now. (http://www. mastercohort.it). Enrollment in MASTER is independent of the stage of disease, the degree of immune suppression, or whether the individual is receiving antiretroviral therapy. Comorbid conditions (i.e. diabetes mellitus, hypertension, cardiovascular disease, cancer diagnosis, substance abuse, liver and renal conditions) and causes of death are accurately reported. Laboratory data, including CD4 T-cell count and HIV viral load, are collected at each patient's visit. Data are recorded over a standardized time-scale every three/four months in a common electronic chart (NetCare or Health&Notes). Data merging and cleaning are performed at a central level every six months.
Here, we conducted a retrospective cohort study from January 1998 to December 2012 on HIV-infected patients with a diagnosis of cancer, either naïve or experienced to antiretroviral therapy, with the following available records: date of first HIV positive test or cohort-entry, date of death (for patients who died during the study period), date of last visit (for patients still alive or lost to follow-up), and at least one record of CD4+ T-cell count available. A follow-up period of at least 1 day was required. Patients without any data recorded during 1 year or longer have been considered lost to follow-up. Measures for CD4+ T-cell count performed within 3 months before or after of the date of cancer diagnosis were reported as referred to the time of cancer diagnosis.
Ethics Statement
At first visit, patients provide written informed consent to include their clinical and biological data in the MASTER database for scientific purpose. The data was anonymized before it was provided and the database is hosted in Fondazione MISI's headquarter in compliance with current regulations.
The study was approved by the Ethical Committee of the Hospital Spedali Civili, Brescia (Coordinating Centre) and those of the following Institutions: University Hospital of Ferrara, Ferrara; AO Papa Giovanni XXIII, Bergamo; University of Bari, Bari; San Gerardo de' Tintori" Hospital, Monza; Hospital of Cremona, Cremona; ''Santa Maria Annunziata'' Hospital, Firenze; University of Sacred Heart, Roma.
Cancer diagnoses and deaths
Malignant cancer diagnoses were collected from medical records and verified through a standardized process, including detailed record abstraction and adjudication of malignancies. Only incident cancer events that occurred during the follow-up were included in the analysis. Recurrence of cancer and metastases were excluded. Cancer type or cancer site were coded according to the WHO classification [19] and malignancies were defined as ADCs (Non-Hodgkin lymphoma, Kaposi sarcoma and invasive cervical carcinoma) and NADCs (all other types of cancers). Primary central nervous system lymphoma (PCNSL) and systemic nonHodgkin lymphomas were grouped together. Death and date of death were ascertained by centers through chart review and in some, cross-checks with mortality registers.
Statistical analysis
Values are reported as medians (interquartile range, IQR) or frequencies (%), as appropriate. Quantitative variables were compared by the non-parametric Mann-Whitney rank-sum test; the x 2 test was used to assess independence between qualitative variables.
For each patient included in the study, person-years at risk have been calculated starting from the date of cancer diagnosis. The observation period ended on December 31st, 2012, or last followup visit, or death, whichever occurred first. According to cancer occurrence patients were classified in 2 groups: i) patients who developed ADC; ii) patients who developed NADC. Multiple primaries, i.e. cancers of a different type occurring in the same subject, were included in the analysis and each cancer was considered as a single case. Cancer incidence rates (IRs) were computed for ADC and NADC, dividing observed cases by the corresponding person-years at risk, and standardized for sex and age using the direct method with the European population as the standard and truncated at 65 years-old. The rates were expressed per 1,000 person-years. To compare the incidence of specific cancers in our HIV-infected patients with that observed in the Italian general population, the standardized incidence ratios (SIRs) and their corresponding 95% confidence intervals (with the Byar's approximation of Poisson model) were calculated using the number of expected cases based on the general population gender-and age-specific rates for Italy provided by 5 Italian Cancer Provincial Registries (Torino, Varese, Ferrara, Latina, Ragusa). SIRs were calculated until 2007, since these registries are updated until this year.
Survival was determined from the date of diagnosis of cancer to the end of the follow up, corresponding to the end of observation period. The probabilities of survival were estimated at 1, 5 and 10 years according to Kaplan-Meier with Greenwood standard error (SE) for total ADCs, total NADCs and specific cancers. Relative survival and expected survival were estimated according to the Ederer II method from life-tables for all-cause mortality by age, gender and calendar year. In the case of patients who had both ADC and NADC diagnosis, survival analysis was performed on the first cancer diagnosed. The factors associated with all-cause mortality were identified using the log-rank test for univariate analyses. Furthermore, the same variables were tested by multivariate analysis using Cox proporzional harzards models. First, fully adjusted models were fitted including the following variables: age, gender, cART, year of cancer diagnosis (categorized as 1998-2002, 2003-2007, 2008-2012) , HIV viral loads and CD4 counts at cancer diagnosis, previous AIDS event, and risk factor for HIV acquisition. Afterwards, a selection of variables was performed with a stepwise backward procedure to generate parsimonious models. Age and gender were included as possible confounders, regardless of statistical significance. Results are shown with estimated hazards ratios (HR), 95% CIs, and P values (according to the Wald test). The proportional hazard assumption was assessed for each variable either graphically (by examining the log-log survival plot and the comparison of ''observed'' with ''expected'' survival curves) or by the goodness of fit approach. All the statistical tests were two-sided, assumed a level of significance of 0.05 and were performed using the STATA 12 software (STATA Statistics/Data Analysis 12.0 -STATA Corporation, College Station, TX, USA).
Results
Characteristics of Master Cohort and cancer incidence
From January 1998, a total of 13 (1998-2002; 2003-2007; 2008-2012) . As expected, in our cohort the incidence rates in ADC had decreased in the last years (IR 1998 (IR -2002 
Survival following ADC and NADC diagnosis
For the survival analysis we excluded 34 patients with a postmortem cancer diagnosis or with a follow-up after a cancer diagnosis ,1 day. Therefore 866 patients with malignancies were included in the analysis: 435 (51%) patients with an ADC and 431 (49%) with a NADC diagnosis. Table 1 summarizes the patient's characteristics at cancer diagnosis.
Among ADCs, 184 (42%) patients were diagnosed with Kaposi sarcoma, 34 (8%) patients with cervical cancer and 217 (50%) patients with Non-Hodgkin lymphoma (NHL). Most of the patients (77%) diagnosed with cervical cancer had a CD4+ Tcell count .200 cells/mm 3 and almost half of them (44%) had a nadir CD4+ count .200 cell/mm 3 . At the time of analysis, patients with non-Hodgkin lymphoma had a higher number of deaths (n = 97, 45%) compared to those with Kaposi sarcoma (n = 40, 22%) and invasive cervical carcinoma (n = 5, 15%, p, 0.001).
Liver cancer was the most frequent NADCs (n = 69, 16%), followed by Hodgkin lymphoma (n = 61, 14%), lung cancer (n = 35, 8%) and breast cancer (n = 30, 7%). Patients with Hodgkin lymphoma and breast cancer tended to be younger at diagnosis than those with other cancer (median age: 42 years vs. 47 and 52 years for liver and lung cancer, respectively). At the time of NADC diagnosis, 75% of the patients had a CD4+ T-cell count .200 cells/mm 3 . Fewer number of deaths were observed at the time of analysis among the patients diagnosed with breast cancer (n = 6, 20%) compared to the patients with Hodgkin lymphoma (n = 26, 43%) and those with liver or lung cancers (n = 44, 64% and n = 22, 63%, respectively, p,0.001). Figure 1 shows the 10-years survival analysis after an ADC or NADC diagnosis. Although in the first 2 years after the cancer diagnosis no statistically significant difference in survival between ADC and NADC was found (p = 0.474), patients with an ADC diagnosis had a significantly higher long-term survival probability compared to those with a NADC diagnosis (10-year survival: 62.7%62.9% vs. 46%64.2%; p = 0.017). One year survival was also analyzed in relation to the time of cancer diagnosis. HIVinfected patients with a more recent NADC diagnosis had a statistically significant higher survival rate: one-year survival in patients with NADC diagnosis after 2008 was 80% vs. 
Predictors of mortality
Risk factors for poorer survival after ADCs in univariate analysis were, as expected, viro-immunological variables (lower nadir-and CD4+ T-cell count at diagnosis, detectable HIVRNA, previous AIDS event) and IDVU mode of infection (Table 2) . Notably, after a cervical cancer diagnosis only lower CD4+ T-cell count was associated with decreased survival rates ( Table 2) .
In univariate analyses, poorer survival after NADC diagnosis was associated with intravenous drug use (IVDU) mode of infection, lower CD4+ T-cell count at NADC diagnosis and previous AIDS event (Table 3) . Analyses of risk factors for mortality after diagnosis of specific NADC were limited due to the relatively small number of patients experiencing these events. However, male gender, age between 35-49, previous AIDS event, lower CD4+cell count at diagnosis and lower nadir CD4+ T-cell count were associated with mortality after Hodgkin lymphoma. No association was observed between type of NADCs and epidemiologic and clinical variable among the patients with lung, liver or breast cancers (Table 3) .
In multivariable analyses, predictors of lower survival probability after both ADCs and NADCs diagnosis were lower CD4+ Tcell count and IVDU as mode of HIV infection (Table 4) . Being on cART at cancer diagnosis was associated with improved survival after ADCs. A previous AIDS event was no longer associated with survival after both ADCs and NADCs when imputed with the other covariates in the multivariable model. For ADC, the association between the HIV RNA serum levels at the time of cancer diagnosis and mortality risk was next to threshold for statistical significance (HR: 1.6, 95%CI 0.99-2.53, p = 0.060). Multivariate analyses of risk factors for mortality after diagnosis of specific ADC or NADC cancers are shown in Table 5 .
Discussion
Our results, from a large, multicenter Italian HIV-infected cohort, describe survival after cancer diagnoses in patients from 1998-2012. Cancer occurrence has increasingly contributed to overall mortality among HIV-infected populations [20] [21] [22] . We found that around 6% of HIV-infected patients developed malignancies (900 malignancies) and almost 40% of these patients were dead at the time of analysis.
Although no differences in survival were observed between ADC and NADC categories during the first 2 years after cancer diagnosis, with a mortality rate close to 30% for both of them, the overall survival after a NADC diagnosis was poorer than after an ADC diagnosis and varied substantially depending on the type of NADC. Moreover, only 45% of patients with NADC were alive 10 years after cancer diagnosis, compared with 60% of those with ADC. Notably, patients with NADCs had a better immunological status than patients with ADCs at the time of cancer diagnosis with statistically significant higher nadir and CD4+ T-cell counts, indicating that patients with NADC appeared to have inferior survival despite better immunity.
Considering the year of diagnosis, we observed that earlier period of NADC diagnosis was associated with a poorer prognosis. This probably reflects the extended use of cancer therapy in HIVinfected people in recent years or improved screening of these patients leading to a diagnosis of early-stage disease (data about cancer screening and cancer staging are not available in the Master cohort). Similar association was reported in other studies [22] [23] . On contrary, we found no differences in survival after ADCs depending on period of diagnosis (p = 0.218). Since the introduction of effective HIV treatment, there has been an improvement in the control of HIV replication and greater CD4+ T-cell count increases. Therefore patients with ADCs have a better prognosis, although a more advanced immunodeficiency status is still the dominant risk factor for death [24] . Recently, a study within the Collaboration of Observational HIV Epidemiological Research Europe (COHERE) cohort described that persons with HIV infection are not fully immune reconstituted until CD4 counts increased to .750 cells/mm3. Therefore they remain at AIDS events risk, although values .500 cells/mm3 give them a good immunity [25] . This improvement in viro-immunological markers and the younger age of patients at ADC diagnosis could in part explain the higher survival rates we observed in patients after an ADC diagnosis. As previously described, after a cancer diagnosis the mortality increases with age [20] . A better control of HIV-related factors is therefore a key factor to continue improving survival of patients who develop ADCs even in the era of cART. Moreover, our results show variations in survival among types of cancer within the two categories, NADCs and ADCs. In particular, we found that NHL for ADC and lung cancer for NADC had the poorest prognosis. Consistent with other studies, we observed a five-year survival of approximately 50% for NHL [15, 26] and a one-year survival of just 30% for lung cancer [27] .
The shift toward less biologically favorable and curable lymphomas could in part explain the poor survival after NHL even in the cART era. Indeed, a reversal in incidence of different lymphomas during the last years have been reported: incidence of Burkitt's lymphoma increased, whereas diffuse large B-cell lymphoma and primary central nervous system lymphoma decreased [28] . For lung cancer, as in HIV-negative cases, the clinical stage of cancer is highly predictive of survival, and long-term overall survival can only be achieved at the limited stages [27] .
Liver cancer is mainly driven by hepatitis coinfection in the HIV-infected patient as a late complication of liver cirrhosis [30] . Indeed, all patients diagnosed with liver cancer in our study were coinfected with hepatitis virus. Potent cART has improved the survival of HIV-infected individuals long enough to allow liver cancer to emerge in patients with known risk factors for liver cancer, such as prolonged ethanol consumption or chronic viral hepatitis [30] . Moreover, the management of liver cirrhosis by clinicians attending HIV-infected patients has probably improved in the last decade, resulting in longer survival of HIV-infected patients with cirrhosis. Compared to the data of the Italian cancer registries (the Italian Association of Cancer Registries AIRTUM) [29] , we observed an increased 5 years survival for HIV patients with liver cancer (relative survival rate: 15% vs 32%, respectively). Improvements in liver cancer prognosis could be due to a combination of diagnostic anticipation and better control of disease progression. On contrary, we observed a poorer survival for HIV-infected patients with HL (5-years relative survival rate: 58%) respect to the general population with HL (5-years relative survival rate: 83%). This result could be in part explained by the differences in clinicopathological characteristics of HIV-related HL (HIV-HL from those of HL in HIV-uninfected population [31] . In fact, HIV-HL is characterized by a more aggressive Table 3 . Rate of overall survival NADCs by patients' characteristics. Table S1 . HIV-related immunosuppression is a well-accepted, strong biological risk factor for the virus-associated cancers of AIDSdefining malignancies. As expected, among ADCs, viro-immunological variables and HIV treatment at cancer diagnosis influenced the prognosis of HIV-positive patients diagnosed with Kaposi sarcoma and NHL. Many important cancer sites have benefited from screening [32] [33] . In our study, cervical cancer and breast cancer, both malignancies in which screening programs have been introduced in general population and more specifically during the follow-up for HIV infection, are the cancers with the better prognosis. Survival rates after cervical cancer were statistically significantly lower in patients with CD4+ T-cell count less than 200 cell/mm 3 at cancer diagnosis, although in our cohort the proportion of patients with CD4 counts above 200 cell/mm3 at cervical cancer diagnosis was higher compared with patients with other AIDS-related malignancies (p = 0.005). Different studies showed that women with AIDS related cervical cancer differ from women with other HIV related malignancies in two ways: they had less immune suppression and the cause of death was more likely to be attributed to cancer than to opportunistic infections [34] [35] . Moreover, data in the literature have shown that the clinical course of cervical cancer becomes more aggressive when the CD4+ T-cell count is low [36] . Differently from the other ADCs, in our study cervical cancer survival seemed to be unaffected by the use of cART.
Importantly, low CD4+ T-cell count at NADC diagnosis was strongly associated with poor survival for all NADC combined and in particular for Hodgkin lymphoma, emphasizing the need for timely HIV treatment. For liver cancer, the association between the CD4 count at the time of cancer diagnosis and mortality risk was next to threshold for statistical significance (p = 0.05). For breast and lung cancers we found no association between HIV clinical variables (cART, CD4 count, HIVRNA) and subsequent mortality, indicating that HIV may have no effect on these malignancies.
The cumulative survival probabilities after a malignancy-both ADCs and NADCs-were worse in patients with a history of IVDU. Notably, a history of IVDU was an important risk factor for survival after lung cancer diagnosis. Indeed, HIV transmission mode is an important predictor of prognosis in HIV-infected persons and different studies [25, [37] [38] showed that IDVU is strongly associated to AIDS events even with CD4 counts . 500 mm3. IVDU may be also a marker for other lifestyle habits (e.g. smoking habits, alcohol intake) that can influence the risk of death. Moreover, adherence to antiretroviral therapy among IVDU is often suboptimal. Finally, we found that this factor had a more negative impact on survival rates of HIV-infected patients respect to the absence of cART at cancer diagnosis. Interestingly, in our study cART at the time of cancer diagnosis seemed to influence ADC but not NADC prognosis.
Our study has several limitations. First, the data were retrospectively collected and so it is possible that the number of cancer diagnoses and death were underestimated. Second, information regarding the life-style of patients (tobacco exposure, alcohol abuse), cancer stage and treatment, and causes of death were not available in this study. However, it is important to underline that the assessment of cancer as cause of death among subjects with HIV/AIDS is complicated, as they frequently show several concomitant serious medical condition (immunodeficiency secondary to chemotherapy, interruption of cART due to chemotherapy interaction or increased of secondary effects, etc.). The survival analysis was not performed for any type of NHL although they have different prognosis. However, our data are consistent with those reported in other cohort study that evaluate survival for all NHL combined [15] and for diffuse large-cell lymphoma [26] . The small number of cases for some cancers also is a limitation; in particular, the study included around 30 patients HRs and 95%CIs from the most parsimonious Cox models for ADC and NADC specific cancers. We used the stepwise backward procedure to eliminate non-significant variables. The ''..'' denotes the variables that were eliminated from the models in the process of stepwise backwards elimination, and factors that were not evaluable for some cancers. doi:10.1371/journal.pone.0094768.t005
with cervical, breast or lung cancer. Finally, just a few patients reached a follow-up $10 years (median follow-up was 4.58 years for patients with an ADC diagnosis and 3.35 years for those with a NADC diagnosis) and it was too small/short to determine the related mid-or long term survival probabilities. Despite these limitations, a strength of our work is the long-term follow-up, including both person/years and median years of follow-up. Taken together, findings from this large prospective study of survival in HIV-infected patients suggest that maintaining higher CD4+ T-cell counts is a key factor to improve prognosis after both ADCs and NADCs, in particular when considering Kaposi sarcoma and the lymphomas. On contrary CD4 The survival after diagnosis of NADCs is poorer than after ADCs but has shown an improvement in the last years. Importantly, patients with a history of injection drug use represent the population with the worst survival after a cancer diagnosis and therefore these patients should be targeted with screening and preventative strategies. Survival studies on cancer in HIV-infected patients can help to describe an important phenomenon, giving an indication on overall access to early diagnosis and diffusion of screening interventions, and no less importantly, quality, equity and response to cancer treatments with respect to HIV-uninfected patients. 
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